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Sir  Henry  Hollatjd,  Bart.  M.D.  D.C.L.  F.R.S.  President, 
in  the  Chair. 

"William  B.  Carpenter,  M.D.  V.P.R.S. 

On  the  Temperature  and  Animal  Life  of  the  Deep  Sea. 

The  results  of  recent  inquii-ies  into  the  condition  of  the  abyssal 
depths  of  the  Ocean,  tend  to  prove: — that  notwithstanding  their 
apjiarently  profound  stillness,  undistui'bed  by  the  storms  which 
agitate  the  surface,  an  incessant  motion  is  everywhere  taking  place 
in  them,  which  exerts  a  most  important  moderating  influence  on  what 
would  otherwise  be  the  intolerable  heat  of  the  Equatorial  and  the 
unbearable  cold  of  the  Polar  regions,  and  thus  affects  the  distribution 
of  Animal  and  Vegetable  life,  alike  on  land  and  in  the  ocean  waters  : — 
that  the  line  of  demarcation  which  has  been  sapjjosed  to  separate  their 
dreary  wastes  from  the  comparatively  shallow  stratum  (300  fathoms)  to 
which  life  has  lieen  affirmed  to  be  restricted,  has  no  real  existence ; 
but  that  whilst  the  ocean  bottom  in  one  region  may  bo  as  barren  as 
Sahara,  it  may  in  another,  though  at  ten  times  the  depth,  be  teeming 
vvdth  varied  forms  of  organization: — that  notwitlistanding  the  tre- 
mendous pressure  exerted  by  the  superincumbent  mass  (amoimting  to 
nearly  3  lbs.  per  square  inch  of  surface  for  every  fathom  of  depth, 
and  thus  to  3000  lbs.  per  square  inch  at  a  depth  of  1100  fathoms), 
animals  of  the  softest  conceivable  textm-e  can  ''  live  and  move  and 
have  their  being "  without  suffering  any  inconvenience  from  the 
burden: — that  not  even  the  total  privation  of  Light,  v.'hich  the 
highest  authorities  have  affiinned  to  be  essential  to  the  existence  of 
life,*  prevents  these  rayless  depths  of  ocean  from  supporting  a  vast 
and  continuous  mass  of  Animal  life,  which  is  actively  engaged  in 
forming  a  Calcareous  dcj)0sit  over  the  bed  of  the  Atlantic ;  a  deposit 

*  "  Organization,  sensation,  voluntary  motion,  life,"  said  Lavoisier,  "  only  exist 
on  the  surface  of  the  earth,  and  in  places  exjiosed  to  light.  It  might  indeed  be 
said  that  the  fable  of  Prometheus  was  the  expression  of  a  ])hilo3ophical  truth 
which  had  not  escaped  the  penetration  of  the  ancients.  Without  light,  nature 
were  without  life  and  without  soul ;  a  beneficent  God.  in  shedding  light  over 
creation,  strewed  the  surface  of  the  earth  with  organization,  with  sensation,  and 
with  thought."—"  These  words,"  says  Dumas  ('  The  Chemical  and  Physiological 
Balance  of  Organic  Nature,'  p.  8),  "are  as  true  as  they  arc  eloquent." 
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which,  when  hereafter  raised  above  the  waters,  so  as  to  form  dry  land, 
will  be  designated  by  the  Geologist  of  the  future  as  Chalk: — and 
lastly,  that  in  these  abyssal  depths  are  preserved  in  continued  exist- 
ence many  types  of  organization  which  had  been  supposed  to  have 
long  since  become  extinct ;  revealing  themselves  as  living  denizens  of 
the  present  epoch,  when  brought  to  the  surface  by  the  searching 
dredge  of  the  Naturalist,  just  as  the  reminiscences  of  our  past  lives, 
stored  tip  in  the  hidden  chambers  of  our  "  under  soul,"  are  called  up 
in  the  process  of  recollection  when  groped  for  with  the  right  clue  of 
Association. 

It  had  been  the  good  fortune  of  the  speaker  to  bear  a  part  in  these 
inquiries :  a  proposal  for  a  deep-sea  dredging  expedition,  which 
originated  with  his  friend  Prof.  Wyville  Thomson,  of  Belfast, 
having  been  brought  by  him  last  June  before  the  President  and 
Council  of  the  Eoyal  Society,  and  by  them  strongly  recommended 
to  the  Admiralty  ;  which,  on  the  strong  recommendation  of  the  Hydro- 
grapher,  assigned  for  the  service  the  sm-veying  vessel  'Lightning,'  and 
provided  her  with  the  best  appliances  that  could  be  got  ready  on  so 
short  a  notice.  The  work  of  the  expedition,  Avhich  was  placed  imder 
the  scientific  charge  of  the  speaker,  was  specially  directed  to  the 
exploration  of  the  deep  channel  which  lies  between  the  north  of 
Scotland  and  the  Faroe  Islands ;  and  although  necessarily  limited  in 
time,  and  much  interfered  with  by  bad  weather,  it  afforded  results  of 
great  interest,  in  regard  both  to  the  Physics  and  the  Animal  Life  of 
the  Ocean  depths. 

I.  The  current  belief  among  Physical  Geographers  in  regard  to  the 
temperature  of  the  deep  sea  had  been  that  it  is  everywhere  39" ;  de- 
scending towards  that  point  in  the  Equatorial  region,  from  a  surface 
temjierature  of  between  75°  and  85°,  in  proportion  to  thedei>th  to  which 
the  thermometer  is  sunk,  and  falling  to  39°  at  about  1200  fathoms ; 
whilst  it  ascends  towards  that  point  in  the  Polar  region,  as  the  ther- 
mometer sinks  through  the  ice-cold  waters  nearer  the  surface,  until  it 
rises  to  39°  at  a  depth  of  about  750  fathoms.  Between  the  Equatorial 
and  the  PoUr  regions  it  has  been  siipposed  possible  to  draw  a  botmdary 
line  at  which  the  temperature  of  the  sea  is  39°  at  all  depths ;  and  this 
line  in  the  Antarctic  ocean,  of  which  the  local  temperature  seems  com- 
paratively little  disturbed  by  currents,  has  been  set  at  56^°  south  lat. 
Tliis  doctrine  mainly  rests  upon  the  temperature-soundings  taken  in 
Sir  James  Ross's  expedition ;  which  were  not  inconsistent  with  the 
prevalent  belief  that  sea- water,  like  fresh  water,  has  its  maximum 
density  at  this  temj^erature,  and  that,  consequently,  still  water  at 
32°  or  33°  cannot  underlie  water  at  39'. 

Several  instances,  however,  had  been  recorded,  in  which  tempera- 
tures below  39°  had  been  observed  ;  but  these  were  regarded  as  mere 
local  exceptions,  depending  upon  particular  currents.  The  most  re- 
markable of  such  observations,  made  by  General  Sabine  more  than 
fifty  years  ago,  in  Captain  (afterwards  Sir  John)  Ross's  arctic  voyage. 
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was  thus  chronicled  in  his  journal: — "Having  sounded,  on  Sept.  19, 
1818,  in  750  fathoms,  the  registering  therMiometer  was  sent  down  to 
680  fathoms,  and  on  coming  up  the  index  of  greatest  cold  was  at  251°. 
Never  having  knowoi  it  lower  than  28"  in  former  instances,  I  was  very 
careful  in  examining  the  thermometer,  but  could  discover  no  other 
reason  for  it  than  tlie  actual  coldness  of  the  water."  Strange  as  this 
record  seems,  it  is  by  no  means  incredible  ;  for,  as  the  careful  experi- 
ments of  Desj)retz  have  since  shown.  Sea-water,  although  it  ordinarily 
freezes  at  27^°,  may  be  cooled  down  to  25|-°  without  freezing,  if  kept 
free  from  agitation ;  whilst,  instead  of  expanding  as  its  temperature 
falls  (which  is  the  case  with  fresh  water  below  39°),  it  continues  to 
contract,  so  as  to  acquire  its  greatest  density  at  251°  ;  which  tempera- 
ture, therefore,  might  be  expected  to  be  that  of  the  still  depths  of 
Polar  seas,  when  not  disturbed  by  the  intrusion  of  any  warmer 
currents. 

Now  the '  Lightning'  temperature-soundings  gave  a  minimum  tempe- 
rature of  from  32^  to  33-7°  through  a  considerable  part  of  the  deep 
channel  (from  500  to  GOO  fathoms)  lying  E.N.E.  and  W.S.W.  between 
the  north  of  Scotland  and  the  Faroe  banks,  the  s»}/rtce-temperature 
being  about  52" ;  and  it  is  probable  that  if  there  be  any  error  in  the 
observations  (all  of  which  rest  on  the  agreement  of  at  least  two  thermo- 
meters), it  is  that  the  temperatures  were  not  registered  low  enough  by 
these  thermometers,  in  consequence  of  the  pressure  of  100  atmospheres 
or  more  on  theii-  bulbs.  Though  it  cannot  be  positively  asserted  tliat 
these  minima  were  the  fco//oH«-temperatm-es  of  the  area  in  question,  this 
may  be  considered  next  to  certain,  for  the  following  reasons : — 1.  It  is 
improbable  that  water  at  32°  should  overlie  water  at  any  higher  tem- 
peratiu'e,  which  is  specifically  lighter  than  itself,  unless  two  strata 
have  a  motion  in  different  directions  sufficiently  rapid  to  be  recog- 
nizable. 2.  The  nature  of  the  Animal  life  found  on  the  bottom  of 
this  cold  area  exhibited  (as  will  presently  appear)  a  marked  corre- 
spondence with  its  i)resumed  dejiression  of  temperatiu'e.  3.  At  a 
depth  of  170  fathoms  in  the  cold  area,  the  minimum  was  found  to  be 
41*7°  ;  which  is  just  what  might  be  expected  at  that  dei)th,  if  the  tem- 
peratm-e  progressively  descends  with  the  increase  of  depth. — The 
positive  determination  of  this  question,  however,  may  be  expected 
from  the  Temperatm-e-soundings  to  be  taken  this  summer  ;  in  which 
means  will  be  adopted  for  ascertaining  the  temperatm'e  at  every 
50  or  100  fathoms  in  the  same  sounding. 

On  the  other  hand,  in  other  parts  of  the  same  channel,  at  the  very 
same  depths,  and  with  the  same  surface-temperature  (never  varying 
much  from  52°),  the  minimum  temperature  was  never  less  than  47°  ; 
and  where  this  prevailed,  not  only  was  Animal  life  far  more  abimdant, 
but  its  type  was  that  of  the  warmer  temperate  seas. 

It  does  not  seem  possible  to  account  for  the  existence  of  two  such 
very  different  Submarine  Climates  within  so  short  a  distance  of  each 
other,  save  on  the  hypothesis  that  the  water  which  is  8"^  or  10°  warmer 
than  what  may  be  regarded  as  the  normal  temperature  of  the  latitude, 
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has  come  tliitlier  from  some  region  nearer  tlie  Eepiator,  MrLilst  tlie 
water  whicli  is  6^  or  8^  colder  than  the  normal  temperature  of  the 
latitude,  has  come  thither  from  some  region  nearer  the  Pole.  How 
far  the  first  of  these  phenomena  is  attributable  to  what  is  properly 
called  the  "  Gulf  Stream  " — that  is,  to  the  current  of  heated  water 
which  issues  from  the  Gulf  of  Mexico,  and  can  be  traced  for  a  great 
distance  across  the  Atlantic,  in  a  N.E.  direction — is  a  matter  still 
open  to  discussion.  But  that  it  is  not  attributable  to  surface-drift, 
seems  perfectly  clear  from  the  depth  to  which  the  excess  of  warmth 
extends.  And  the  two  facts  taken  together  may  with  confidence  be 
taken  as  an  example  of  that  continual  interchange  between  the  oceanic 
icaters  of  Equatorial  and  Polar  regions,  which  is  as  much  a  physical 
necessity  as  that  interchange  of  air  which  has  so  large  a  share  in  the 
production  of  winds.  For  the  water  that  is  cooled  in  the  Polar  seas 
must  sink  and  displace  the  water  that  is  warmer  than  itself,  pushing 
it  away  towards  the  equator ;  so  that  in  the  deepest  parts  of  the  ocean 
there  will  be  a  progressive  movement  in  the  equatorial  dii-ection  ; 
whilst,  conversely,  the  warm  water  of  the  Tropical  sea,  being  the  lighter, 
will  spread  itself  north  and  south  over  the  surface  of  the  ocean,  and 
will  thus  move  towards  the  polar  regions,  losiug  its  heat  as  it  ap- 
jn'oaches  them,  until  it  is  there  so  much  reduced  in  tcmj^erature  as  to 
sink  to  the  bottom,  and  thus  return  towards  its  source. 

A  set  of  temperature-soundings  recently  taken  across  the  Arabian 
Gulf,  between  Aden  and  Bombay,  by  Captain  Shortland,  in  H.M.S. 
'Hydra,'  give  a  line  of  bottom-temperature  of  33|°  Fain*,  at  depths 
exceeding  1800  fathoms,  the  surface-temperature  being  75^.  It  seems 
impossible  to  account  for  this  fact  on  any  other  hypothesis  than  that 
of  a  deep  current  from  the  Antarctic  Polar  region,  which  must  have 
maintained  this  extremely  low  temi)erature  throughout  the  vast  course 
it  had  to  traverse. 

II.  The  collective  resialts  of  the  deep-sea  Dredgings  recently 
carried  on  by  the  Swedish  Government  imder  the  direction  of  Pro- 
fessor Sars  and  his  son,  by  the  United  States  coast  survey  under  the 
direction  of  Count  Pourtules,  and  by  the  '  Lightning '  expedition 
imder  the  direction  of  the  speaker,  have  conclusively  estabKshed  the 
justice  of  the  inference  previously  drav/n  by  Dr.  Wallich  from  the  more 
restricted  data  collected  by  the  Sounding  apparatus,*  as  to  the  existence 
of  a  varied  and  abundant  submarine  Fauna,  at  depths  which  have  been 
generally  supposed  to  be  either  altogether  azoic,  or  tenanted  only  by 
animals  of  very  low  type.     The  dredgings  obtained  in  N.  lat.  59°  36' 

*  The  earliest  recorded  fact  of  this  class  still  remains  one  of  the  most  interesting. 
In  the  Arctic  expedition  of  Captain  Koss,  in  1818,  a  sounding  having  bsen  taken 
at  a  deptli  of  1000  fathoms,  the  Hue  brouglit  up  a  magniticeut  Adroplujion  (then 
known  as  Asterias  Ccq/ut  Medusm),  which  according  to  the  distinct  recollection  of 
General  Sabine,  who  was  a  member  of  that  expedition,  must  have  come  from  tlic 
bottom  ;  since  it  was  partly  imbedded  iu  very  soft  greenisli  mud  into  which  the 
heavy  deep-sea  weight  had  sunk. 
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and  W.  long.  7°  20',  at  a  depth  of  530  fathoms  and  a  minimum  tem- 
perature of  47^-°,  included  an  extraordinary  collection  of  Siliceous 
Sponges  and  Foraminifera,  with  Zoophytes,  Echinoderms,  SloIlnsJcs, 
Annelids,  and  Crustaceans;  and  among  them  two  specimens  of  the  little 
Bhizocrinus  (to  be  presently  noticed  more  particularly),  whose  recent 
discovery  by  M.  Sars  on  the  coast  of  Norway  had  furnished  a  principal 
"  motive  "  of  this  expedition.  And  a  single  dredging  subseql^ently 
taken  in  N.  lat.  61°  2'  and  W.  long.  12°  4',  at  the  depth  of  650  fathoms 
and  a  minimum  temperature  of  46°',  gave  evidence  of  the  like  variety, 
though  the  specimens  obtained  were  less  numerous  and  more  frag- 
mentary. These  two  dredgings,  it  is  believed,  are  by  far  the  deepest 
that  have  yet  been  taken ;  and  the  facility  with  vrhich  they  were 
obtained  fully  justifies  the  belief  that  no  serious  difficulty  v/ill  be 
found  in  the  way  of  the  exploration  of  the  ocean  bottom  by  means  of 
the  Dredge  at  depths  twice  as  great. 

III.  The  results  of  the  '  Lightning '  dredgings  seem  to  warrant 
the  conclusion  that  the  distribution  of  Animal  life  in  the  deep  sea  is 
much  more  closely  related  to  the  temperature  of  the  water  than  to  its 
depAli.  No  contrast  could  well  be  more  striking  than  that  which 
presented  itself  within  a  distance  of  50  miles  between  the  Fauna  of 
the  icarm  and  that  of  the  cold  area :  the  former  containing,  with  the 
animals  proper  to  the  locality,  a  number  of  forms  hitherto  known  only 
as  inhabitants  of  the  warmer  temperate  seas ;  whilst  the  far  more 
scanty  aggregate  of  the  latter  consisted  to  a  great  extent  of  animals  of 
a  proper  Boreal  type,  of  which  few  wei-e  met  with  elsewhere  even  as 
far  north  as  the  Faroe  Islands.  And  whilst  the  bottom  itself  was  for 
the  most  part  composed,  in  the  icarm  area,  of  the  Globigerina  mud, 
the  presence  of  which  (as  Dr.  Wallich  pointed  out)  seems  to  go  along  j 
with  the  Gulf  stream,  it  consisted  in  the  cold  area  of  stones  and  sand,  i 
the  latter  including  many  particles  of  distinctly  volcanic  minerals,  J 
indicative  of  a  probable  derivation  fi-om  Iceland  or  Labrador. — The 
comparatively  shallow  bank  in  this  cold  area,  at  which  a  temperature 
of  41-7°  was  found  at  a  depth  of  170  fathoms,  presented  a  Fauna  dis- 
tinctly intermediate  between  that  of  the  colder  and  that  of  the  warmer 
area ;  the  intermixture  of  the  proper  Boreal  forms  being  less,  and  its 
predominant  character  being  that  which  might  be  expected  from  its 
geographical  position,  with  which  its  tem])erature  closely  accorded. 

IV.  The  remarkable  fact  has  been  ascertained,  that  two  deposits 
may  be  taking  place  within  a  few  miles  of  each  other,  at  the  same  depth 
and  on  the  same  geological  horizon  (the  area  of  one  penetrating,  so  to 
speak,  the  area^of  the  other),  of  which  the  Mineral  character  and  the 
Fauna  are  alike  different ; — that  difference  being  due  on  the  one  hand 
to  the  direction  of  the  current  which  has  furnished  their  materials,  and 
on  the  other  to  the  temperature  of  the  water  brought  by  that  current. 
If  the  "  cold  area  "  were  to  be  raised  above  the  surface,  so  that  the 
dojiosit  at  present  in  progress  upon  its  bottom  should  become  the 
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subject  of  examination  by  some  Geologist  of  the  future,  be  would  find 
tbis  to  consist  of  a  barren  Sandstone,  including  fragments  of  older 
rocks,  tbe  scanty  Fauna  of  wbicb  would  in  great  degix-e  bear  a  boreal 
cbaracter  ;  wbilst  if  a  portion  of  tbe  '•  warm  area  "  were  elevated  at 
tbe  same  time  witb  tbe  "  cold  area,"  tbe  Geologist  would  be  perplexed 
by  tbe  stratigrajjhiral  continuity  witb  tbe  preceding  of  a  Cretaceous 
formation,  tbe  production  of  wbicb  entirely  depends  upon  tbe  ex- 
tensive develojjment  of  tbe  bumblest  forms  of  Animal  life  under  tbe 
influence  of  an  elevated  temperature,  and  wbicb  includes  not  only 
an  extraordinary  abundance  of  Sponges,  but  a  great  variety  of  otbcr 
animal  remains,  several  of  tbem  belonging  to  tbe  warmer  temperate 
regions  ;  and  be  would  naturally  suppose  tbese  widely  different 
climatic  conditions  to  bave  prevailed  at  different  periods.  And  yet 
tbey  bave  been  sbown  to  exist  simidiancousJi/,  at  corresp'jnding  depths, 
over  wide  contirjuous  areas  of  tbe  sea-bottom  ;  in  virtue  solely  of  tbe 
fact  tbat  one  area  is  traversed  by  an  Equatorial  and  tbe  otber  by  a 
Polar  current. — Furtber,  in  tbe  midst  of  tbe  land  formed  by  tbe  eleva- 
tion of  tbe  ''  cold  area,"  our  Geologist  would  find  a  bill  some  1800 
feet  bigb,  covered  witb  a  Sandstone  continuous  witb  tbat  of  tbe  land 
from  wbicb  it  rises,  but  ricb  in  remains  of  animals  belonging  to  a  more 
temperate  province  ;  and  migbt  easily  fall  into  tbe  mistake  of  supposing 
tbat  two  sucb  different  Fatmse  occurring  at  different  levels  must  in- 
dicate two  distinct  climates  separated  in  time  ;  instead  of  indicating, 
as  tbey  bave  been  sbo\^Ti  to  do,  two  contemporaneous  but  dissimilar 
climates,  separated  only  by  a  few  miles  borizontally  and  by  300 
fatboms  vertically. 

Y.  But  furtber,  tbe  examination  of  tbe  sample  brought  up  by  tbe 
'Ligbtning  '  dredgings,  of  tbe  Faima  of  tbe  Cbalk-like  deposit  now  in 
progress  over  tbe  warm  area,  bas  sbown  tbat  it  presents  many  points 
of  most  interesting  relationsbij)  to  tbe  faima  of  tbe  Cretaceous  period. 
Tbus  of  tbe  Siliceous  Sponges  wbicb  were  obtained  in  sucb  remark- 
able abundance,  some  correspond  so  precisely  in  structure  of  tbe 
Ventriculites  of  tbe  Cbalk,  tbat  tbeir  identity  cannot  be  doubted, 
altbougb  in  tbe  process  of  fossilization  tbe  original  material  of  tbe 
skeleton  bas  been  replaced  by  carbonate  of  lime,  to  be  itself  api)lied 
to  tbe  solidification  of  Sponges  of  anotber  type  in  tbe  production  of 
Flints.*     Again,  tbe  speaker  stated  tbat  be  bad  found  tbe  microscopic 

*  The  mode  in  wbicb  tlie  Silcx  which  furnished  the  material  of  flints  was  first 
separated  from  the  ocean-waters,  bas  long  been  an  imsulved  problem.  By  Ehren- 
berg  the  aid  of  hypothetical  beds  of  siliceous  Diatoms  and  Polyci/dinu  which  were 
subsequently  removed  by  solution,  has  been  invoked  to  accf)unt  for  it.  But  all  the 
examinations  which  have  been  made  of  samples  of  the  Globigerina-mud  liave  in- 
dicated that  where  this  great  calcareous  deposit  is  taking  place,  the  production  of 
minute  siliceous  organisms  is  extremely  limited.  On  the  other  hand,  the  vast 
multiplication  of  Siliceous  Sponges,  and  the  extension  of  their  root-fibres  tlirough 
the  Globigerina-mud  on  the  surface  of  which  theygrow,  furnishes  a  depot  of  silex, 
which,  if  re-dissolved,  would  afford  ample  mateiial  for  the  solidification  of  other 
sponges  into  flints. 
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XantMdia,  so  common  in  sections  of  Flint,  attached  to  a  filamentous 
substance  entangled  in  fragments  of  Sponges  washed  out  from  the 
Globigerina-mud.  Further,  among  Mollusca  there  were  two  Terebra- 
tididce,  of  which  one  at  least  (Terebratulina  cajjiU-serpentis)  may  be 
certainly  identified  with  a  Cretaceous  species,  whilst  the  second 
(Waldheimia  cranium)  may  be  fairly  regarded  as  representing,  if  not 
lineally  descended  from,  another  of  the  types  of  that  family  so 
abundant  in  the  chalk.  Among  Echinoderias  the  most  interesting 
was  the  little  Bhizocrinus,  that  carries  us  back  to  the  Apiocrinite  tribe 
which  flourished  in  the  Oolitic  period,  and  which  was  until  lately 
supposed  to  have  had  its  last  representative  in  the  Boiirgetticriims  of 
the  Chalk,  to  which  the  Bhizocrinus  presents  many  points  of  remark- 
able correspondence.*  Among  Zoophytes,  the  Oculina  met  with  in  a 
living  state  seems  generically  allied  to  a   Cretaceous  type. 

It  can  scarcely  be  doubted  tliat  a  more  systematic  examination  of 
the  remarkable  Formation  at  present  in  progress  would  place  in  a  still 
stronger  light  the  intimacy  of  the  relationship  of  its  Fauna  to  that  of 
the  Cretaceous  period  ;  and  if  this  view  should  be  confirmed  by  further 
inquiry,  it  would  go  far  to  prove,  what  seems  on  general  grounds 
highly  probable,  that  the  deposit  of  Globigerina-mud  has  been  going 
on,  over  some  j^art  or  other  of  the  North  Atlantic  sea-bed,  from  the 
Cretaceous  epoch  to  the  present  time  (as  there  is  much  reason  to 
think  that  it  did  elsewhere  in  anterior  Geological  periods),  this  mud 
being  not  merely  a  C balk-formation,  but  a  continuation  of  the  Chalk- 
formation  ;  so  that  ice  may  be  said  to  be  still  living  in  the  Cretaceous 
Epoch.  For,  as  was  pointed  out  by  Professor  Wyville  Thomson,  in  the 
letter  which  gave  occasion  to  the  '  Lightning '  cruise,  the  oscillations  of 
the  earth's  crust  in  the  northern  portion  of  the  Northern  hemisphere 
do  not  apj)ear  to  have  ranged  much  above  1000  feet  since  the  com- 
mencement of  the  Tertiary  epoch  ;  so  that  an  immense  area  of  the 
North  Atlantic  must  have  been  continuously  submerged  throughout 
the  Tertiary  and  Quaternary  periods ;  while,  for  the  reasons  already 
mentioned,  there  must  have  been  a  continual  movement  of  the  Equa- 
torial waters  towards  the  Polar  region. 

VI.  It  is  obvious  that  the  facts  previously  stated  throw  a  great  light 
on  the  changes  which  Palasontological  research  proves  to  have  often 
taken  place  in  the  Marine  Fauna  of  any  particular  area,  wdthout  any 
corresponding  changes  in  its  own  Geological  condition.  For  as  there 
must  have  been  dee})  seas  in  all  Geological  periods,  so  there  must  have 
been  varieties  in  Suhnarine  Climate  at  least  as  great  as  those  discovered 
by  the  'Lightning'  temperature-soundings;  depending  upon  those 
Equatorial  and  Polar  Currents,  whose  existence  has  been  shown  to  be 
a  Physical  necessity.     Hence  it  is  obvious  that  since  changes  in  the 

*  This  most  remarkable  auimal,  first  discovered  by  M.  Sars,  near  the  Loffoden 
Islands,  has  been  since  obtained  not  only  in  the  'Lightning'  diedgings,  but 
also  by  Count  Pourtales  in  the  Gulf  of  Mexico. 
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direction  of  such  opposing  currents  must  have  been  produced  by  any- 
upward  or  downward  movement  of  the  sea-bottom  (as  in  the  areas  of 
elevation  and  subsidence  marked  out  by  Mr.  Darwin  in  our  existing 
seasj,  a  considerable  modification,  or  even  a  complete  reversal,  of  the 
Submarine  Climates  of  adjacent  areas  might  have  been  consequent 
upon  alterations  in  the  contom*  of  the  land,  or  in  the  level  of  the  sea- 
bottom,  at  a  great  distance, — perhaps  thousands  of  miles  off. 

A  renewal  and  extension  of  the  Eesearches  of  which  the  more 
general  results  have  thus  been  stated,  having  been  asked  for  by  the 
Council  of  the  Eoyal  Society  at  the  hands  of  her  Majesty's  Govern- 
ment, adequate  provision  has  been  made  by  the  Admiralty  with  this 
object ;  and  H.M.  surveying  vessel '  Porcupine '  will  be  employed  during 
the  ensuing  season  in  the  prosecution  of  them,  with  all  the  ai)pliances 
which  science  and  experience  can  suggest  as  likely  to  be  serviceable. 
It  may  be  confidently  hoped  that,  unless  the  weather  should  prove  ex- 
ceptionally imfavoui-able,  very  important  additions  will  be  made  by 
this  expedition  to  our  knowledge  of  the  Temperatiu'C  and  Life  of  the 
Deep  Sea. 

The  speaker  thus  concluded  :—"  The  facts  I  have  now  brought 
before  you,  still  more  the  speculations  which  I  have  ventured  to  connect 
with  them,  may  seem  to  unsettle  much  that  has  been  generally 
accredited  in  Geological  science,  and  thus  to  diminish  rather  than  to 
augment  our  stock  of  positive  knowledge  ;  but  this  is  the  necessary 
result  of  the  introduction  of  a  new  idea  into  any  department  of  scien- 
tific inquiry.  Like  the  flood  which  tests  the  security  of  every  founda- 
ti(m  that  stands  in  the  way  of  its  onward  rush,  overthrowing  the  house 
built  only  on  the  sand,  but  leaving  unharmed  the  edifice  which  rests 
seciu'e  on  the  solid  rock,  so  does  a  new  method  of  research,  a  new 
series  of  facts,  or  a  new  application  of  facts  previously  known,  come 
to  bear  with  impetuous  force  on  a  whole  fabric  of  doctrine,  and  subject 
it  to  an  undermining  power  which  nothing  can  resist,  save  that  which 
rests  on  the  solid  rock  of  Truth.  And  it  is  here  that  the  moral  value  of 
scientific  study,  pursued  in  a  spirit  worthy  of  its  elevated  aims,  pre- 
eminently shows  itself.  For,  as  was  grandly  said  by  Schiller  *  in  liis 
admu-able  contrast  between  the  trader  in  science  and  the  true  philo- 
sopher,— '  New  discoveries  in  the  field  of  his  activity  which  depress  the 
one,  enrapture  the  other.  Perhaps  they  fill  a  chasm  which  the  growth 
of  his  ideas  had  rendered  more  wide  and  unseemly  ;  or  they  place  the 
last  stone,  the  only  one  wanting,  to  the  completion  of  the  structure  of 
his  ideas.  But  even  should  they  shiver  it  into  ruins,  should  a  new 
series  of  ideas,  a  new  aspect  of  natm'e,  a  newly-discovered  law  in  the 
physical  world,  overthrow  the  whole  fabric  of  his  knowledge,  he  has 
always  loved  truth  better  than  his  system,  and  gladly  will  he  exchange  her 
old  and  defective  form  for  a  new  and  fairer  one.'  "  r-^  P  C  1 

*  Lecture  introductory  to  a  Course  on  Universal  History,  delivered  at  .Jena, 
1769. 


